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Introduction 

The identifiers TA identity, CSG identity and Cell identity are required to control UE behaviour in an Enhanced Packet System which contains closed subscriber groups. 

The natural way to provide UEs with these identifiers is in MM signalling, in the response to a tracking area update. This paper outlines the states of LTE_IDLE and LTE_ACTIVE for the enhanced packet system, and discusses when tracking area updates are made and how identifiers are passed. 

LTE_IDLE Mode 

There is no mobility management state machine, e.g. LTE_IDLE or LTE_ACTIVE, defined in stage 2 (TS 23.401) or stage 3 (TR 24.801) at present, however information is included in TR 23.882 and Annex A of TS 36.300. It is assumed that in LTE_IDLE mode, the UE location is known in the MME with an accuracy of a list of Tracking Areas, which have been assigned to the UE when it performed the Attach procedure, or when it performed its last (periodic) Tracking Area Update procedure. When a UE is in LTE_IDLE it can be paged, e.g. for signalling or terminating user traffic. 

When in LTE_IDLE the UE may perform cell reselection autonomously. The UE performs the Tracking Area Update if the UE moves to a cell which is in a TA which is not in the list of Tracking Areas assigned to the UE (i.e. the Mobility multi-TA list ).
LTE_ACTIVE Mode 

In LTE_ACTIVE mode, the mobility of the UE is controlled by the eNodeB, an S1 interface between the MME and eNodeB for this UE has been established.  In this mode the UE performs the Tracking Area Update after cell change, in parallel to any ongoing data transfer. The UE performs a tracking area update in parallel with moving between cells in LTE-ACTIVE mode for two reasons:

1) A RA Update is needed in case you change the SGSN to change the route of the traffic in the core because the UE does not know if the target cell is under a different SGSN.

2) GSM and UMTS perform RAU in READY/PMM-CONNECTED states and this procedure could be re-used rather than passing through IDLE.
Cell Measurements 
When the UE is in LTE_IDLE mode it is assumed that for the normal case the UE will be camped on a network preferred frequency layer, as this will provide a balance between good coverage and quick service availability.  The main aim of this state is to remain contactable by the network and to be able to quickly access a service when required by the User.  To achieve this, the UE needs to ensure that it remains camped on the most suitable cell. 

So the UE wakes up frequently to measure its serving cell and if it remains above a certain quality and/or signal level, it does not even need to measure its neighbour cells on the same frequency. It is only when the serving cell falls below an operator defined quality and/or signal level does the UE need to check for a better neighbour cell. And it is only when there is not an adequate serving cell and neighbour cell that a UE normally starts to perform measurements of another frequency band. 
The general rule is that the more measurements the UE needs to perform, the more times or time it needs to wake-up, and therefore the more battery is used in this standby state. The UE being able to remain in this standby state for long periods is very important to a user, a handset manufacturer and also to the operators.
Req. from Annex X in TS 36.300 
7.
It shall be possible to minimise the quantity of measurements which UEs perform on CSG Cells, if the UE does not belong to the User Group of a specific CSG Cell.

With the introduction of the Home Cell, the operator and the User also requires the UE to be able to camp on this Home cell quickly when it is available. 

If closed subscriber group cells use the same radio frequencies as the general network cells (i.e. the macro cells), they would cause interference, if closed group cells overlap with general network cells, or coverage holes for UEs that are not part of the closed subscriber group if cells do not overlap (R2-072825),. Therefore a cell which is part of a closed subscriber group is likely to be at a different frequency layer from the macro cells which UEs normally camp upon in LTE_IDLE mode.
For the UE to be able to find this Home cell quickly on a different frequency the UE would need to periodically check or determine if this cell is available, and therefore it is required to perform frequent inter-frequency measurements which is costly in terms of battery consumption. 
Measurement Optimisation

It has therefore been proposed in RAN2 that the UE is informed which area of the network it should or should not look for Home Cells which are part of the CSG. 

The solution which has been proposed is that the UE is informed in the TAU signalling whether it is worthwhile to search for Home Cells in its current Registration Area indicated by the Mobility List.

The network would maintain a mapping between the CSG cell and the overlaid TA or TAs at the (configured) location of the CSG cell. Information is then made available in the UE profile to the MME, which then provides an indication to the UE in the TAU signalling.
This could be completed in a number of ways:

a) By the MME including an explicit indication in the TAU Accept message that applies to the entire Current Registration Area. The UE is informed that its Current Registration Area contains one or more CSGs that the UE belongs to.
b) By the MME including an explicit indication in the TAU Accept message by including each CSG in the Mobility List defining its current Registration Area. 
c) By the MME including the CSG in the Allowed CSGs list stored in the UE. The MME manipulates the allowed CSG list depending upon the location of the UE. 
Conclusion

It is proposed that the above optimisation be discussed and that CT1 agree on a solution for the optimisation of when the UE should search for the CSG cells such that battery efficiency can be maintained.

In the CRs proposed to this meeting, it has been proposed that option c) be adopted.


































